Introduction 29
Amniotic membrane (AM) is used to manage various debilitated ocular surface 30
conditions. The impact of oxidative stress and free radicals on the ocular surface is 31 increasingly being recognised. Hyaluronic acid (HA) has anti-inflammatory 32
properties and is abundantly present in AM. In this in vitro pilot study we investigated 33 AM's potential for intrinsic free radical scavenging properties. 34
35

Methods
36
Strips of AM were incubated in sealed tubes with hydrogen peroxide (H2O2). After 37 being sonicated, uptake of reactive oxygen species (ROS) was measured by the 38 Amplex Red Hydrogen Peroxide/Peroxidase assay. 1630kDA HA was used for 39
comparison. 40 41
Results
42
There was uptake of ROS by all AMs samples, which decreased with increasing 43 concentrations of H2O2. Mean ROS uptake for 5 different AMs at 1 hour was 44 significantly greater for 50uM (83%; SD 11.7, SEM 5.23) compared to 100uM (67%; 45 SD 20.48, SEM 9.16; p=0.028, 95% CI (2.8,29.2)). The HA comparison group 46 showed similar uptake and trend. 47
Introduction 57
Oxidative stress is increasingly being recognised as the common inflammatory 58 cellular pathway in ocular surface disease. 1, 2 It is the result of the imbalance between 59 total antioxidant capacity and reactive oxygen species. 3 The healthy eye has a variety 60 of protective antioxidant defences, including the constituents of the normal tear film. 1 
61
It follows that any chronic ocular surface injury can exhaust these protective defences 62 and cause local free radical damage. For example, glutathione has been shown to be 63 depleted in the tear film of patients with keratoconus. 4 Oxidative stress can happen at 64 both an exogenous and endogenous level to the cornea, and has recently been 65 described in pterygia, corneal dystrophies, dry eyes, trauma, a host of inflammatory 66 conditions and chemical injuries. including after chemical injury. [7] [8] [9] It has been shown to facilitate epithelial healing and 70 analgesia, when used either as a patch dressing, or in extract form, as a suspension or 71 drops.
10-12 However, the reported benefits of AM in chemical injury have not always 72 being replicated in other studies. 18 HA in the AM stroma has been shown to play a role in entrapping 79 inflammatory cells, so reducing further damage to ocular tissue. 19 Studies have shown 80 that high and low molecular weight HA have different biological effects. For 81 example, high molecular weight HA has been shown to be anti-inflammatory, and can 82 protect the cornea from oxidative stress associated with preservatives in ophthalmic 83 preparations (such as BAK and EDTA) and UV-related free radical damage.
20-27 84
Alternatively, low molecular weight HA has been shown to be generated by oxidative 85 fragmentation (such as due to peroxide) and to accumulate with inflammation. Total antioxidant capacity has previously been described in amniotic fluid. 31 We 88 wondered if the same was true of AM and hypothesised that some of the benefits of 89 AM may be due to intrinsic free radical scavenging antioxidant properties. In this in 90 vitro pilot study AM was exposed to various concentrations of hydrogen peroxide (as 91 an exogenous source of free radicals). HA was used as a control group to compare the 92 magnitude of any uptake of H2O2. We wanted to work with small volumes of AM and H2O2 to make it clinically relevant 140 to the ocular tissues. In light of this, we chose to standardise our samples to 1cm by 141 0.5cm strips. By weighing several pieces of AM on standard laboratory scales, we 142 found that our small samples had an average weight of 4.5mg. We then wished to 143 estimate the concentration of hyaluronic acid in our small strips. 
)). 167
The mean difference was 16% (based on the 5 paired data values for analysis). 168
[ Figure 1 ] 169 170 Figure 2 illustrates the percentage uptake in two individual AM samples within the 171 first hour of exposure. For 50uM H2O2 there was an average 55% uptake at 15 172 minutes, 80% uptake at 30 minutes and 91% uptake at 60 minutes. For 100uM H2O2 173 uptake at 15 minutes was 65%, at 30 minutes uptake was 87% and at 60 minutes it 174 was 86%. These results provide further confirmation of uptake, but also demonstrate 175 biological variability even within the same AM. 176
177
In the hyaluronic acid comparison group, the uptake of H2O2 at 1 hour for the 50uM 178 and 100uM concentrations was in the same range as for 3 different AMs sampled. 179
Average uptake at 50uM H2O2 showed a trend towards higher uptake than at 100uM 180 H2O2 (53% uptake vs 50.9% uptake). This was lower than the uptake measured in the 181 AMs (53% vs 69.9% for 50uM H2O2 and 50.9% vs 68.3% for 100uM H2O2). The 182 sample size (n=3) was too small to perform meaningful statistical analysis, but did act 183 as an appropriate comparison group for the magnitude of the uptake. [ Table 1 ] 184
185
The accuracy of all these results was confirmed by duplication of testing and also by 186 testing sealed controls which contained equivalent H2O2 without presence of AM. 187
There was no reduction of H2O2 in these controls. 188 Our pilot study suggests that AM is able to scavenge reactive oxygen species. This 212 total antioxidant capacity has been previously described in the evaluation of amniotic 213 fluid. 31 The antioxidant capacity of AM may be an additional mode of action for the 214 surgeon to utilise as they seek to reconstruct the debilitated ocular surface. Free 215 radical damage is increasingly being identified as a cellular component of corneal 216 disease. 37 Exposure to exogenous free radicals has been shown to cause mitochondrial 217 DNA damage in corneal epithelial cells. 38 Corneal fibroblasts have been shown to 218 decline with age in response to oxidative stress. Through measuring antioxidant 219 enzymes in primary cultured corneal fibroblasts from patients and healthy subjects, 220 recent research has implicated oxidative damage induced by decreased catalase 221 expression as a causative factor in the pathogenesis of corneal dystrophies. 39 
222
Oxidative stress has also been shown to keep Pax6 in a chronic wound state, and the 223 effect on subcellular localisation, signalling and gene dosage effect contributes to 224 aniridia-related keratopathy. 40 Oxidative stress can also be exogenous, and the source 225 could be due to external factors such as surface toxicity from multiple medications. 226
Intrinsic free radical presence has been reported in topical and intracameral 227 ophthalmic preparations, independent of preservatives or pH. [41] [42] [43] Low grade chronic 228 oxidative stress could explain residual inflammation in vulnerable ocular surfaces 229 even when using long term unpreserved medications. 
Limitations: 242
We acknowledge that this was a pilot study with small numbers which could affect 243 the statistical analysis of our results. However, our original premise was to perform a 244 proof of principle study to evaluate if AM had antioxidant capacity. Variability in our 245 results may have been due to effect of storage and processing of the samples. This 246 clinical concern has been raised previously in the literature, and is the motivation for 247 the development of a reproducible biosynthetic amniotic membrane which retains the 248 properties of the human tissue. 49 Variability in AM has been suggested as the reason 249 for failure of treatment in ocular surface reconstruction. We did not measure the 250 breakdown products of HA, and so our study does not allow direct comparison of the 251 uptake of peroxide between the AM and the HA. However, it does act as a reasonable 252 control regarding the magnitude of the uptake, and does provide a basis for future 
